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Received March 29, 2012; accepted March 12, 2013AbstractBackground: Oligoasthenoteratozoospermia (OAT) syndrome is the most frequently seen phenotype in male infertility. Spermatogenesis relies
closely on hormone regulation. The aim of this study was to assess the correlation between hormone profile and semen parameters in infertile
men with idiopathic or varicocele-related OAT syndrome. We tried to illustrate the correlative factors for better semen parameters in these
patients.
Methods: A total of 96 patients with idiopathic or varicocele-related OAT were included for assessment. Serum levels of follicle-stimulating
hormone (FSH), luteinizing hormone (LH), testosterone (T), estradiol (E2), prolactin (PRL), and the combinative ratios of these hormones,
such as T/E2, T/FSH, T/LH, T/(FSH  LH), PRL  T/FSH, PRL  T/LH, PRL  T/(FSH  LH), were compared individually with sperm
parameters. The parameters included sperm concentration, total sperm count (TC), percent motile sperm count, percent normal sperm count,
total motile sperm count (TMC), total normal sperm count (TNC), and total motile normal sperm count (TMNC).
Results: T correlated well with percent normal sperm count ( p ¼ 0.031). PRL positively correlated with sperm concentration ( p ¼ 0.019), TMC
( p < 0.001), TNC ( p ¼ 0.003), and TMNC ( p < 0.001). In hormonal combinative ratios, T/FSH, T/LH, T/(FSH  LH), PRL  T/FSH,
PRL  T/LH, and PRL  T/(FSH  LH) all showed significant correlations to concentration and count-related parameters including TC, TMC,
TNC, and TMNC.
Conclusion: For patients with OAT syndrome, T, PRL, T/FSH, T/LH, T/(FSH  LH), PRL  T/FSH, PRL  T/LH, and PRL  T/(FSH  LH)
may be used as predictive markers for better semen quality. This investigation could be a catalyst for future studies on the extent to which
manipulating the hormonal combinative ratios can affect the quality of spermatogenesis in infertile males with OAT syndrome.
Copyright  2013 Elsevier Taiwan LLC and the Chinese Medical Association. All rights reserved.
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In spermatogenesis, hormones are the most important
environmental factor that affects germ cell development. All
causes that have an impact on or can change the hormonal
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mones and their synergic effects on spermatogenesis have
been noted.1
Oligoasthenoteratozoospermia (OAT) syndrome refers to a
combination of abnormalities in the three semen parameters and
is a common phenotype for infertile men.2 OAT syndrome in-
cludes oligozoospermia, asthenozoospermia, teratozoospermia,
oligoasthenozoospermia, asthenoteratozoospermia, oligoter-
atozoospermia, and oligoasthenoteratozoospermia. Varicocele,
the most common cause of male infertility and the major eti-
ology of OAT, may also change the hormonal environment inhinese Medical Association. All rights reserved.
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Despite the extensive studies on varicocele, the pathophysi-
ology of varicocele as it contributes to OAT is still not clearly
defined.5,6 However, hormonal changes are believed to be
important in sperm production, combinedwith the oxidative and
temperature stress in patients with varicoceles. The etiologies of
OATare diverse, andmany of the causes are related to hormonal
derangements.7 Factors contributing to the hormonal change
may result in OAT syndrome, including the most prevalent one,
varicocele. Hormonal profiles may either be described as a
predisposing factor to spermatogenesis or as a bridge from
varicoceles to OAT.
Idiopathic OAT is generally found to be accompanied by
decreased testosterone (T), plus elevated estradiol (E2),
follicle-stimulating hormone (FSH), and luteinizing hormone
(LH) levels.7 For fertile males with incidental varicoceles, the
hormonal profiles and semen parameters are not significantly
different from those in normal fertile men without varico-
celes.6 In addition, for patients with or without varicoceles,
there were no significantly different biomarkers.8 This indi-
cated that infertile males with varicoceles may have some
other detrimental factors causing poorer semen parameters
besides elevated testicular temperature or oxidative stress,
which have been believed to be the classical mechanism
impacting semen quality.
This study attempted to determine if there is a correlation
between hormone levels and semen parameters in patients
with OAT syndrome. Furthermore, we would like to suggest
hormonal indicators for better semen parameters.
2. Methods2.1. PatientsTable 1
Clinical data for 96 patients with idiopathic or varicocele-related OAT
syndrome.A total of 96 infertile males with OAT syndrome were
included in this study.2 The medical histories of all the patients
were taken and physical examinations were conducted by the
same physician. Grading of varicocele was done in a warm
room by using Dubin’s criteria. Grade 3 indicates obviously
visible varicocele, Grade 2 indicates palpable varicocele, and
Grade 1 indicates variocele palpable only at Valsalva ma-
neuver.9 Semen analyses and hormone profiles were assessed
during patient initial visits. The retrospective data review was
based on the general research guide.Patient distribution n (%) Semen analysis Percentage
Idiopathic 13 (13.5) One anomaly in 40.7%2.2. Hormonal profiles
semen parameters
Left side varicocele 48 (50.0) Oligozoospermia 16.7%
Bilateral varicoceles 35 (36.5) Asthenozoospermia 22.9%
Teratozoospermia 1.1%
Varicocele grade n (%)
Left side 1 11 (11.5) Two anomalies in
semen parameters
38.5%
2 30 (31.3) Oligoasthenozoospermia 22.9%
3 42 (43.7) Asthenoteratozoospermia 13.5%
Right side 1 13 (13.5) Oligoteratozoospermia 2.1%
2 21 (21.9)
3 1 (1.1) OAT 20.8%
OAT ¼ oligoasthenoteratozoospermia.Blood samples were obtained between 8:00 AM and 11:00
AM. Serum hormone evaluation includes FSH, LH, T, E2, and
prolactin (PRL). The combinative ratios of hormones,
including T/E2, T/FSH, T/LH, T/(FSH  LH), PRL  T/FSH,
PRL T/LH, and PRL T/(FSH  LH) were also calculated.
The arrangement of the individual hormone to the numerator
or denominator in the ratio combination formula was based on
the results of the correlation trend between the individual
hormone and the sperm parameters. If a given hormone
showed positive correlation with the sperm parameters, thehormone data would be assigned to the numerator, and vice
versa.2.3. Semen analysisSemen samples were obtained by masturbation after
abstinence for at least 3 days. The specimens were evaluated
within 1 hour after collection, and the following parameters
were obtained: sperm concentration (106/mL), total sperm
count (TC, 106), percent motile sperm count (%), percent
normal (morphology) sperm count (%), total motile sperm
count (TMC, 106), total normal sperm count (TNC, 106),
and total motile normal sperm count (TMNC, 106). All
semen analyses were performed in our laboratory using World
Health Organization criteria.102.4. Statistical analysisStatistical analyses were performed with Statistical Pack-
age for Social Sciences (SPSS) 17.0 (SPSS Inc., Chicago, IL,
USA). The independent correlation of serum hormone pa-
rameters (T, E2, FSH, LH, PRL, and their combinative ratios)
with semen parameters was tested by linear regression analysis
with Pearson’s correlation test, and the comparison between
patients with idiopathic and varicocele-related OAT syndrome
was checked by an independent t test. The significance level
was set as two-tailed, and p < 0.05 was considered statistically
significant.
3. Results
The characteristics of included patients are given in Table
1. The specific characteristics between varicocele-related and
idiopathic OAT syndrome in this study were further compared
(Table 2), and there were no significant differences between
them.
The mean age of these 96 patients was 40.5 years old
(range 27e61 years). Half of them had only left varicocele,
36.5% had bilateral varicoceles, while 13.5% presented
without varicocele (idiopathic). Among the patients, 40.7%
Table 2
Clinical data for 96 patients with idiopathic or varicocele-related OAT syndrome.
Patient characteristics Total (n ¼ 96) Varicoceles (n ¼ 83) Idiopathic (n ¼ 13) p
Age 40.5 40.2 42.7 0.240
Semen analysis Concentration (106/mL) 20.23 19.14 27.18 0.197
TC (106) 63.69 62.27 72.73 0.611
Motility (%) 32.24 31.96 34.07 0.720
TMC (106) 19.07 18.65 21.72 0.642
Normal form (%) 37.66 35.89 49.00 0.180
TNC (106) 24.16 22.99 31.61 0.360
TMNC (106) 8.01 7.51 11.19 0.274
Hormone profiles T (ng/mL) 4.05 3.96 4.61 0.319
E2 (pg/mL) 26.05 25.91 27.51 0.905
FSH (mIU/mL) 7.35 7.48 6.33 0.463
LH (mIU/mL) 6.48 6.54 5.99 0.627
PRL (ng/mL) 10.97 10.62 13.67 0.424
E2 ¼ estradiol; FSH ¼ follicle-stimulating hormone; LH ¼ luteinizing hormone; OAT ¼ oligoasthenoteratozoospermia; PRL ¼ prolactin; T ¼ testosterone;
TC ¼ total sperm count; TMC ¼ total motile sperm count; TMNC ¼ total motile normal sperm count; TNC ¼ total normal sperm count.
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zoospermia, 22.9% asthenozoospermia, and 1.1% ter-
atozoospermia); 38.5% had two anomalies in semen
parameters (22.9% oligoasthenozoospermia, 13.5% astheno-
teratozoospermia, and 2.1% oligoteratozoospermia), and
20.8% had all the three anomalies (oligoasthenoter-
atozoospermia). The means and standard deviations of each
hormone were listed as follows. T: 4.05  1.59 ng/mL, E2:
26.05  9.01 pg/mL, FSH: 7.35  4.85 mIU/mL, LH:
6.48  3.32 mIU/mL, and PRL: 10.97  6.19 ng/mL. There
was no patient in our study with a history of heat exposure,
trauma, or infection.
The relationship between hormonal profiles and semen
parameters are listed in Table 3. T positively correlated with
all semen parameters but only showed statistically significant
correlation ( p ¼ 0.031) to sperm normal form percentage. E2,
FSH, and LH were all inversely correlated with all sperm
parameters, but none showed statistical significance. PRL
correlated positively with semen concentration ( p ¼ 0.019),
TMC ( p < 0.001), TNC ( p ¼ 0.003), and TMNC ( p < 0.001).Table 3
Correlations between hormonal profile variables and semen parameters.
Concentration TC M
r p r p r p
T 0.162 0.118 0.144 0.165 0.119 0.253
E2 0.057 0.732 0.021 0.900 0.066 0.695
FSH 0.129 0.220 0.100 0.341 0.141 0.180
LH 0.175 0.100 0.131 0.218 0.016 0.881
PRL 0.249 0.019 0.205 0.055 0.155 0.148
T/E 0.013 0.941 0.049 0.772 0.090 0.594
T/FSH 0.345 0.001 0.342 0.001 0.041 0.700
T/LH 0.343 0.001 0.411 <0.001 0.014 0.899
T/(FSH  LH) 0.281 0.009 0.209 0.053 0.044 0.689
T  PRL/FSH 0.366 0.001 0.315 0.003 0.391 0.094
T  PRL/LH 0.402 <0.001 0.394 <0.001 0.373 0.097
T  PRL/(FSH  LH) 0.290 0.081 0.341 0.039 0.722 0.061
E2 ¼ estradiol; FSH ¼ follicle-stimulating hormone; LH ¼ luteinizing hormon
PRL ¼ prolactin; r ¼ Pearson correlation coefficient; T ¼ testosterone; TC ¼ t
TNC ¼ total normal count.
Bold means p < 0.05.For the combinative hormonal variables, T/E2 showed
positive correlation with percent motile count, TMC, percent
normal count, TNC, TMNC, but showed inverse correlation
with sperm concentration and TC, although none of them were
statistically significant. However, T and E2 were well corre-
lated ( p ¼ 0.011) to each other (Fig. 1).
T/FSH showed significant correlation with concentration
( p ¼ 0.001), TC ( p ¼ 0.001), TMC ( p < 0.001), TNC
( p < 0.001), and TMNC ( p < 0.001). T/LH correlated
significantly with concentration ( p ¼ 0.001), TC ( p < 0.001),
TMC ( p ¼ 0.007), TNC ( p < 0.001), and TMNC ( p ¼ 0.003).
T/(FSH  LH) positively correlated with concentration
( p ¼ 0.009), TMC ( p ¼ 0.006), TNC ( p ¼ 0.001), and TMNC
( p < 0.001), but not significantly with TC ( p ¼ 0.053).
T  PRL/FSH correlated significantly with concentration
( p ¼ 0.001), TC ( p ¼ 0.003), TMC ( p < 0.001), TNC
( p < 0.001), and TMNC ( p < 0.001). T  PRL/LH showed
significant correlation with concentration ( p < 0.001), TC
( p < 0.001), TMC ( p < 0.001), TNC ( p < 0.001), and TMNC
( p < 0.001). T  PRL/(FSH  LH) positively correlated withTMC N TNC TMNC
r p r p r p r p
0.147 0.158 0.222 0.031 0.173 0.095 0.180 0.083
0.048 0.775 0.054 0.748 0.020 0.904 0.044 0.792
0.005 0.963 0.037 0.727 0.115 0.277 0.047 0.655
0.059 0.582 0.093 0.386 0.126 0.238 0.062 0.562
0.413 <0.001 0.118 0.273 0.311 0.003 0.449 <0.001
0.725 0.060 0.149 0.242 0.743 0.056 0.466 0.124
<0.001 0.407 0.060 0.199 <0.001 0.488 <0.001 0.508
0.007 0.287 0.327 0.106 <0.001 0.474 0.003 0.316
0.006 0.293 0.140 0.161 0.001 0.356 <0.001 0.408
<0.001 0.480 0.098 0.181 <0.001 0.527 <0.001 0.619
<0.001 0.457 0.137 0.162 <0.001 0.538 <0.001 0.537
0.014 0.400 0.211 0.210 0.020 0.380 0.013 0.405
e; M ¼ motility; N ¼ normal count; OAT ¼ oligoasthenoteratozoospermia;
otal count; TMC ¼ total motile count; TMNC ¼ total motile normal count;
Fig. 1. The correlation between T and E2 in patients with idiopathic or
varicocele-related OAT syndrome. E2 ¼ estradiol;
OAT ¼ oligoasthenoteratozoospermia; T ¼ testosterone.
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TMNC ( p ¼ 0.013), but not significantly with concentration
( p ¼ 0.081).4. Discussion
In this study, we found there was a general trend of
decreased T and elevated FSH and LH levels in patients with
OAT syndromes, either with or without varicoceles. In hor-
monal combinative ratios, T/FSH, T/LH, T/(FSH  LH),
PRL  T/FSH, PRL  T/LH, and PRL  T/(FSH  LH) all
showed significant correlations to concentration and count-
related parameters including TC, TMC, TNC, and TMNC.
In this case, T and PRL seemed to be trophic to spermato-
genesis, whereas FSH and LH were detrimental.
The main sites of T action in spermatogenesis are during
meiosis and spermiogenesis.1 Therefore an adequate T supply
is crucial for Sertoli cell survival and differentiation in early
postnatal life.11e13 T, acting alone or with FSH, acts as a
surviving factor for spermatocytes and spermatids through
regulating intrinsic and extrinsic apoptotic pathways.14,15 In
this study, we found that T showed positive correlation with all
types of semen parameters, although only sperm morphology
satisfied statistical significance.
E2 inversely correlated with all the semen parameters
except TC. T/E2 ratio showed positive correlation with all the
semen parameters except concentration and TC, although none
of them is statistically significant. The role of E2 in male
reproduction is complex. In humans, aromatase is constitu-
tively expressed in Leydig cells, Sertoli cells, and all stages of
germ cells.16 Men with aromatase deficiency or estrogen
resistance present with abnormal spermatogenesis,17 but too
much E2 is detrimental for spermatogenesis. In infertile men
with a decreased blood T/E2 ratio, aromatase inhibitors
significantly improve the number and quality of spermato-
zoa.18 Therefore, T and E2 are both essential tospermatogenesis, and an appropriate ratio is necessary. In our
study, T and E2 were significantly related to each other, sug-
gesting the presence of a balanced aromatase effect. There-
fore, T/E2 ratio was not significantly related to semen
parameters.
OAT syndrome might be a consequence of a more vulner-
able sperm production to the physiological stress because
apoptosis of unhealthy sperm is crucial in spermatogenesis.1
Hormones, mainly T and FSH, regulate male germ cell
development by controlling their survival from apoptosis,
rather than by stimulating their proliferation.1 Since a higher
testicular T is necessary for OAT patients to maintain their
spermatogenesis, this phenomenon is supported by the context
that FSH or LH shows inverse correlation with all the semen
parameters. For human spermatogenesis, FSH appears more
effective than LH in supporting spermatocytes.19 T and FSH
are considered the major hormonal regulators, working either
independently or synergistically, for germ cell development at
different stages of spermatogenesis.20,21 T exerts its biological
effects on spermatogenesis via androgen receptors in the
Sertoli cells.22 In addition, T elicits cellular responses through
secondary messengers and signaling pathways in Sertoli cells
to facilitate the nongenomic action of FSH, which is different
from the classical androgen receptor (AR)-mediated tran-
scription.23 Both of the two pathways of T, synergistically or
independently with FSH, are influenced by the LH effect from
the hypothalamus-pituitary-gonad axis. Therefore, we hy-
pothesize that a higher T/FSH or T/LH ratio may imply a more
sensitive hormonal axis feedback, which results in better
sperm production in a patient with OAT syndrome.
In this study, PRL showed a positive correlation with all the
semen parameters in our patients, which was notably signifi-
cant with concentration and count-related parameters. PRL
plays crucial roles in the reproductive system. On a physio-
logical level, PRL acts as a trophic hormone when involved
with development of the genital tract.24e26 In addition, PRL
also plays a role in sensitizing the testis to LH in the course of
normal sexual maturation.27 Furthermore, it has been found
that PRL regulates T secretion and testis growth28 and T
regulates the secretion of PRL through a long feedback
mechanism, which appears to have been conserved from rats
to humans.29 However, abnormally high concentrations of
PRL or so called pathological hyperprolactinemia leads to
hypogonadism resulting from the dysfunction of the hypo-
thalamus24 or dysfunction of Leydig cells through a TNF-a-
mediated mechanism.30 It has been reported that in men with
oligozoospermia and normal gonadotropin levels, their PRL
levels are greater on average than the control.31 In addition, it
was also documented that bromocriptine was used to treat men
with normoprolactinemia and idiopathic OAT, although suffi-
cient evidence was lacking.31 Therefore, we hypothesized that
in patients with OAT syndrome, greater PRL levels are prob-
ably a result of positive feedback to promote spermatogenesis.
In our combinative formula with PRL [including T  PRL/
FSH, T  PRL/LH, and T  PRL/(FSH  LH)], all were
significantly correlated with sperm concentration and count-
related semen parameters (TC, TMC, TNC, and TMNC).
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T/(FSH  LH). This is reasonable because T secretion from
Leydig cells is regulated by either LH stimulation or a PRL-
related mechanism.30 Therefore, in patients with idiopathic
or varicocele-related OAT syndrome, less LH and greater PRL
levels may represent a more sensitive regulation necessary for
adequate T production. In other words, PRL could express its
trophic effects without compromising T secretion. Larger T/
FSH ratio may reveal more efficient spermatogenesis under
hormonal regulation. Among the combinative ratios,
T  PRL/FSH showed the most significant one in correlation
with semen parameters according to the Pearson’s correlation
coefficient.
In conclusion, we found in the study that T, PRL, T/FSH, T/
LH, T/(FSH  LH), T  PRL/FSH, T  PRL/LH, and
T  PRL/(FSH  LH) ratios are correlative factors for better
semen parameters in patients with idiopathic or varicocele-
related OAT syndrome. Among them, T  PRL/FSH was
the most valuable in correlating the semen parameters, espe-
cially for the count-related parameters. Although larger patient
numbers are still necessary for further evaluation, the findings
of the present study have shown the importance of hormonal
regulation in spermatogenesis. This study might create addi-
tional opportunities to investigate the effects of manipulating
hormonal combinative ratios, by either surgical or medical
methods, on the quality of spermatogenesis in infertile males
with OAT syndrome.
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